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(57) A GaN layer 32 grows in vertical direction on a 
GaN layer 31 where neither a first mask 41 m nor a sec- 
ond mask 42m is fomied. When thickness of the GaN 
layer 32 becomes farger than that of the first mask 41 m, 
it began to grown in lateral direction so as to cover the 
first mask 41m. Because the second mask 42m Is not 
formed on the upper portion of the first mask 41m, the 
GaN layer 32 grows in vertical direction. On the contrary, 
at the upper region of the GaN layer 31 where the mask 
41 m is not formed, the second mask 42m is formed like 
eaves, the growth of the GaN layer 32 stops and thread- 
ing dislocations propagated with vertrcal growth also 
stops there. The GaN layer 32 grows in vertical direction 
so as to penetrate the region where neither the first 
mask 41 m nor the second mask 42m is fomied. When 
the height of the GaN layer 32 becomes larger than that 
of the second mask 42m. the GaN layer 32 begins to 
grow in lateral direction again and covers the second 
mask 42m. After the GaN layer 32 completely covers 
the second mask 42m, it began to grow in vertical direc- 
tion. 
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Description 

Technical Field 

[0001] The present invention relates to a method for 
fabricating Group III nitride compound semiconductors. 
More particularly, the present invention relates to a 
method for fabricating Group III nitride compound sem- 
iconductors employing epitaxial lateral overgrowth 
(ELO). The Group III nitride compound semiconductors 
are generally represented by AI^Gayln^.^.yN (wherein 0 
< X < 1 , 0 < y < 1 , and 0 < X + y < 1), and examples 
thereof include binary semiconductors such as AIN, 
GaN, and InN; ternary semiconductors such as 
AI^Ga^.^N, AljjIn^.^N, andGa^ln^.^N (wherein 0<x<1) ; 
and quaternary semiconductors such as AlxGayln^.x.yN 
(wherein 0<x<1,0<y<1.andO<x + y<1). 
[0002] In the present specification, unless otherwise 
specified, "Group III nitride compound semiconductors" 
encompass Group ill nitride compound semiconductors 
which are doped with an Impurity so as to assume p- 
type or n-type conductivity. 

Background Art 

[0003] Group III nitride compound semiconductor are 
direct-transition semiconductors exhibiting a wide range 
of emission spectra from UV to red light when used In 
an element such as a light-emitting device, and have 
been used in light-emitting devices such as light-emit- 
ting diodes (LEDs) and laser diodes (LDs). In addition, 
due to their broad band gaps, divices employing the 
aforementioned semiconductors are expected to exhibit 
reliable operational characteristics at high temperature 
as compared with those employing semiconductors of 
other types, and thus application thereof to transistors 
such as FETs has been energetically studied. Moreover, 
since Group III nitride compound semiconductors con- 
tain no arsenic (As) as a predominant element, applica- 
tion of Group III nitride compound semiconductors to 
various semiconductor devices has been longed for 
from the environmental aspect. Generally, these Group 
III nitride compound semiconductors are fonmed on a 
sapphire substrate. 

[0004] IHowever, when a Group III nitride compound 
semiconductor is formed on a sapphire substrate, misfit- 
induced dislocations occur due to difference between 
the lattice constant of sapphire and that of the semicon- 
ductor, resulting in poor device characteristics. Misfit- 
Induced dislocations are threading dislocations which 
penetrate semiconductor layers in a longitudinal direc- 
tion (i.e., in a direction vertical to the surface of the sub- 
strate), and Group III nitride compound semiconductors 
are accompanied by the problem that dislocations in 
amounts of approximately 10^ cm-2 propagate there- 
through. The aforementioned dislocations propagate 
through layers formed from Group til nitride compound 
semiconductors of different compositions, until they 



reach the uppermost layer. When such a semiconductor 
is incorporated in, for example, a light-emitting device, 
the device poses problenns of unsatisfactory device 
characteristics in tenms of threshold current of an LD, 

s service life of an LED or LD, etc. On the other hand, 
when a Group III nitride compound semiconductor is in- 
corporated in any of other types of semiconductor de- 
vices, because electrons are scattered due to defects 
in the Group III nitride compound semiconductor, the 

10 semiconductor device comes to have low mobility. 
These problems are not solved even when another type 
of substrate is employed. 

[0005] The aforementioned dislocations will next be 
described with reference to a schematic representation 

IS shown in FIG. 6. FIG. 6 shows a substrate 91 , a buffer 
layer 92 fonmed thereon, and a Group III nitride com- 
pound semiconductor layer 93 further fomned thereon. 
Conventionally, the substrate 91 is fomied of sapphire 
or a similar substance and the buffer layer 92 is formed 

^ of aluminum nitride (AIN) or a similar substance. The 
buffer layer 92 formed of aluminum nitride (AIN) is pro- 
vided so as to relax misfit between the sapphire sub- 
strate 91 and the Group III nitride compound semicon- 
ductor layer 93. However, generation of dislocations is 

25 not reduced to zero. Threading dislocations 901 propa- 
gate upward (in a vertical direction with respect to the 
substrate surface) from dislocation initiating points 900, 
penetrating the buffer layer 92 and the Group III nitride 
compound semiconductor layer 93. When a semicon- 

30 ductor device is fabricated by depositing various types 
of Group III nitride compound semiconductors of interest 
on the Group III nitride compound semiconductor layer 
93, threading dislocations further propagate upward, 
through the semiconductor element, from dislocation ar- 

35 rival points 902 on the surface of the Group III nitride 
compound semiconductor layer 93. Thus, according to 
conventional techniques, problematic propagation of 
dislocations cannot be prevented during formation of 
Group 111 nitride compound semiconductor layers. 

40 [0006] In recent years, in order to prevent propagation 
of the threading dislocations, techniques employing lat- 
eral growth of 'crystal have been developed. According 
to the techniques, a mask partially provided with an ar- 
ray of slits, which is fomied from a material such as sil- 

45 icon oxide or tungsten, is provided on a sapphire sub- 
strate or a Group 111 nitride compound semiconductor 
layer, and crystal growth is elicited to proceed laterally 
on the mask, with the slits serving as a seed. Threading 
dislocations, however, propagate upside on the upper 

50 portion of the window part. In order to prevent threading 
dislocations from propagating on the window part, the 
upper portion of the mask should be covered through 
lateral growth, and further a second mask should be 
fomied in stripe pattern on the upper portion of the win- 

55 dow on which the mask is not formed and then the lateral 
growth Is executed on the mask again. In short, three 
times of forming a Group III nitride compound semicon- 
ductor process and two times of mask forming process, 
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each of which is a completely different process, needed 
to be carried out. 

Disclosure of the present invention 

[0007] The present Invention has been accomplished 
in an attempt to solve the aforementioned problems, and 
an object of the present invention is to fabricate a Group 
III nitride compound semiconductor with suppressed 
threading dislocations with decreasing times of chang- 
ing processes. 

[0008] In order to overcome the above-described 

drawbacks, the followings may be useful. 
[0009] The invention drawn to a first feature provides 
a method for fabricating a Group Mi nitride compound 
semiconductor which fonns a Group III nitride com- 
pound semiconductor layer with suppressed threading 
dislocations through lateral epitaxial growth, comprising 
steps of: a first mask fonning process in which a first 
mask, on which a Group III nitride compound semicon- 
ductor does not grow epitaxialty, is fomied In an island- 
like pattern having a shape of, for example, dot, stripe, 
or grid, on a layer which serves as an undertying layer; 
a growth space ensuring process In which a growth 
space ensuring material is fomned in order to ensure a 
growth space for growing the Grou pill nitride compound 
semiconductor epitaxially; a process of fonning a sec- 
ond mask on which the Group III nitride compound sem- 
iconductor does not grow epitaxially; a process of re- 
moving the growth space ensuring material formed in 
the growth space ensuring process; and an epitaxial 
growth process in which the Group 111 nitride compound 
semiconductor is formed in the growth space through 
vertical and lateral epitaxial growth, wherein the masks 
are formed so that the entire surface of the underlying 
layer is covered by the first mask and the second mask 
when the underiying layer is seen in a vertical directon 
from its top. In the present specification, the term "un- 
deriying layer" is used to collectively encompass the fol- 
lowings: (1) a single or complex substrate regardless of 
Its compositions; (2) a substrate on which a buffer layer 
Is fomned regardless of its compositions; and (3) a sub- 
strate on which a buffer layer is fomned or not fomned 
and a Group III nitride compound semiconductor layer 
Is formed thereon. The expression "island-like structure" 
does not necessarily refer to regions separated from 
one another. The upper portions of the mask 1 may be 
continuously connected to one another over a consid- 
erably wide area, and such a structure may be obtained 
by fonning the entirety of the mask on a wafer into 
stripes or grids. 

[0010] The invention drawn to a second feature pro- 
vides a method for fabricating a Group 111 nitride com- 
pound semiconductor, in which the second mask fonn- 
ing process comprises the steps of: a process in which 
a portion of the growth space ensuring material fomned 
in the growth space ensuring process is removed and 
at least one of a portion of the first mask and a portion 



of the undertying layer is exposed; a process in which 
materials for fonming the second mask is formed on the 
entire surface of the growth space ensuring material so 
that the second mask Is connected to at least one of the 
5 exposed surface of the first mask and the exposed sur- 
face of the underlying layer; and a process in which a 
portion of the second mask material is removed and a 
portion of the growth space ensuring material, which is 
fomned in the growth space existing at a region^compris- 
ing the first mask at a lower portion thereof, is exposed. 
[001 1 ] The invention drawn to a third feature provides 
a method for fabricating a Group 111 nitride compound 
semiconductor, wherein the uppermost layer in the un- 
derlying layer and the Group III nitride compound sem- 
k:onductor have the same composition. As used herein, 
the temn "same composition" does not exclude differ- 
ences in a doping level (differences of less than 1 
mol%). And the third feature does not exclude the case 
in which the underiying layer is a single Group 111 nitride 
compound semiconductor substrate. 
[0012] The invention drawn to a fourth feature pro- 
vides a Group III nitride compound semiconductor de- 
vice, which is fonned on the Group 111 nitride compound 
semiconductor layer produced through a method for 
fabricating a Group 111 nitride compound semiconductor 
as recited in connection with any one of the first to third 
features. 

[0013] The invention drawn to a fifth feature provides 
a Group III nitride compound semiconductor light-emit- 
ting device, which is produced by depositing a Group 111 
nitride compound semiconductor layer with a different 
composition on a Group 111 nitride compound semicon- 
ductor layer produced through a method for fabricating 
a Group III nitride compound semiconductor as recited 
in connection with any one of the first to third features. 
[0014] The invention drawn to a sixth feature provides 
a method for fabricating a Group III nitride compound 
semiconductor substrate, which comprises a method for 
fabricating a Group III nitride compound semiconductor 
as recited in connection with any one of the first to third 
features, and removing substantially entire downward 
portions from the second mask. 
[0015] The outline of the method for fabricating a 
Group III nitride compound semiconductor of the 
present invention will next be described with reference 
to FIGS. 1A-1H. Although FIGS. 1A-1H illustrate layers 
accompanied by a substrate 1 and a buffer layer 2 so 
as to facilitate understanding of the description, the sub- 
strate 1 and the buffer layer 2 are not essential elements 
of the present invention, in view that the present Inven- 
tion is to produce, by employment of an underiying layer 
which may generate a Group 111 nitride compound sem- 
iconductor having threading dislocations in the vertical 
direction if It is grown epitaxially and a Group 111 nitride 
compound semteonductor which is to formed through 
epitaxial growth, the Group III nitride compound semi- 
conductor layer including a region in which threading 
dislocations In the vertical direction are reduced. The 
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gist of the operation and effects of the present invention 
will next be described with reference to an ennbodiment 
in which a first Group III nitride compound semiconduc- 
tor layer 31 having threading dislocations in the vertical 
direction (direction vertical to the substrate surface) is 
provided on the substrate 1 via the buffer layer 2. In this 
case, an underlying layer may ho np ty a first r^mup in 
nitride compound semiconductor layer 31 , or may alter- 
natively comprise the substrate 1 , the buffer layer 2 and 
the Group III nitride compound semiconductor layer 31 . 
[0016] A first mask material 41 was formed on the en- 
tire surface of a first Group III nitride compound semi- 
conductor layer 31 having threading dislocations In ver- 
tical direction (direction vertical to the substrate surface) 
provided on the substrate 1 (FIG. 1 A). The mask mate- 
rial 41 is subjected to etching, so as to form an island- 
like structure having a shape of, for e)gmfiiei^ot^ripe, 
or grid, thereby providing a first mask 41m. As a result, 
the surface of the first Group III nitride compound sem- 
iconductor layer 31 is exposed In scattered manner 
(FIG. IB, a first mask fonning process). 
[0017] A growth space ensuring material 5 was 
formed so as to cover the first mask 41m fomned In is- 
land-like structure and the exposed surface of the first 
Group III nitride compound semiconductor layer 31 ex- 
isting in scattered manner (FIG. 1C). An insulator, a di- 
electric, a single-element such as a metal, an alloy, and 
a compound including a mixture may be employed as 
the growth space ensuring material. Subsequently, the 
growth space ensuring material 5 was subjected to etch- 
ing, to thereby obtain a growth space for growing a sec- 
ond Group III nitride compound semiconductor epltaxi- 
ally. A portion of the shaped growth space ensuring ma- 
terial 5s Is contacted to the Group III nitride compound 
semiconductor layer 31 (FIG. ID, a growth space en- 
suring process). 

[0018] A second mask material 42 Is fomned on the 
entire surface of the wafer (FIG. 1 E)'The second mask 
material 42 is formed to cover the shaped growth space 
ensuring material 5s. Then the second mask materiar42 
was shaped in an objective pattern through a treatment 
such as etching. Here almost all of the Group III nitride 
compound semiconductor 31 Is covered by the first 
mask 41 m and the second mask 42m when It is seen in 
the vertical direction from atop (FIG. 1 F). When the first 
mask 41m was fomied in an island-like pattern existing 
in scattered manner, for example, the second mask 42m 
may be formed in grid or mesh pattern, and when the 
first mask 41 m was fomned in stripe pattern, the second 
mask 42m may be fomied in stripe pattern on the region 
where the first mask 41m was not fomried. The second 
mask 42m has a "limb" so that it can be arranged at high- 
er portion than the first mask 41m. The second mask 
42m includes the "limb" hereinafter. 
[0019] And the shaped growth space ensuring mate- 
ria! 5s Is removed through wet etching. Then a portion 
of the first Group III nitride compound semiconductor 
layer 31 contacted to the shaped growth space ensuring 



material 5s is exposed and a growth space which is 
fomned in crooked shape and is surrounded by the first 
mask 41 m and the second mask 42m is obtained. In this 
case, "crooked" is used to collectively encompass the 

5 case that almost alt of the Group III nitride compound 
semiconductor 31 is covered in a top view by the first 
mask 41 m and the second mask 42m and that a portion 
of the first Group III nitride compound semiconductor 
layer 31 is exposed under the second mask 42m and a 

10 space at which a Group III nitride compound semicon- 
ductor can be fomried through epitaxial growth in vertical 
direction at the region above the first mask 41 m is pro- 
vided. In short, vertteal epitaxial growth from the ex- 
posed surface of the first Group III ni tride compound 

'5 semiconductor l ayer 31 c an be canled'out at the region 
where the first mask 41 m is not fomned, but the vertical 
epitaxial growth may be stopped by the second mask 
42m. Then lateral epitaxial growth can be carried out at 
the region below the second mask 42m to the upper por- 

20 tion of the first mask 41 m, and vertteal epitaxial growth 
can be carried out at the region above the first mask 
41m where the second mask 42m is not formed. At the 
upper portion of the second mask 42m, the Group III 
nitride compound semiconductor layer can grow epitax- 

25 tally in lateral direction from the part growing epitaxial ly 
in vertteal direction on the area not covered with the sec- 
ond mask 43m (FIG. 1G). 

[0020] By such process when the s econd Group III ni - 
tride compound s emiconductor laver is fonmed 

30 through vertrcal a nj lateral epitflSaal growti i. threading 
dislocations which penetrates along with vertical epitax- 
ial growth from the exposed surface of the first Group III 
nitride compound semiconductor layer 31 on which the 
first mask 41 m is not deposited are prevented from pen- 

35 etrating at the second mask 42m. The lateral epitaxial 
growth causing no threading dislocations enables the 
second Group III nitride compound semiconductor layer 
32 to cover the first mask 41m, and the second Group 
III nitride compound semiconductor can be grown epi- 

40 taxially in vertical direction on the region which the sec- 
ond mask 42m is not formed at the upper portion. Suc- 
cessively, when the second Group III nitride compound 
semiconductor layer 32 grows epitaxially in vertical di- 
rection to the level higher than the second mask 42m, 

45 the Group III nitrid e compound semiconductor lay er 32^ 
begins to grow epitaxially in lateral direction so as to cov- 
er the entire top surface of the mask 42m (FIG. 1 H). At 
this time, threading dislocations except for a small part 
which are propagated obliquely are not propagated to 

50 the upper region represented by G in FIG. 1 H owing to 
the two masks, to thereby obtain a Group III nitride com- 
pound sembonductor layer G having excellent quality 
and extremely little threading dislocations. 
[0021] As described above, in the present invention, 

55 two necessary masks are fomned and an unique growth 
of Group III nitride compound semiconductor is carried 
out in the two steps. Accordingly, a Group III nitride com- 
pound semiconductor with generation of threading dis- 
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locations suppressed can be fabricated in two steps 
(first feature). 

[0022] In a process of fonning the second mask, a 
portion of the growth space ensuring nnaterial 5 fonned 
in the growth space ensuring process, e.g., a com- 
pound, is removed, at least one of a portion of the first 
mask 41m and a portion of the first Group III nitride com- 
pound semiconductor 31 is exposed as shown in FIG. 
1 D and the second mask material 42 is formed on the 
entire surface, the limb of the second mask 42m may 
be easily obtained (second feature). 
[0023] When the first Group III nitride compound sem- 
iconductor has the same compositions as those of the 
second Group III nitride compound, their lattice con- 
stants and other physical quantity correspond with each 
other, which enables to obtain faster epitaxial growth be- 
tween the two layers (third feature). 
[0024] By fomning a device on the Group III nitride 
compound semiconductor layer obtained in the above 
mentioned process, a semiconductor device comprising 
a layer with less defects and larger mobility can be ob- 
tained (fourth feature). 

[0025] By forming a device on the Group III nitride 
compound semiconductor layer obtained in the above 
mentioned process, a light-emitting device with im- 
proved lifetime and threshold value can be obtained 
(fifth feature). 

[0026] And by separating the Group III nitride com- 
pound semiconductor layers obtained in the above men- 
tioned process formed on the second mask from other 
layers, a Group 111 nitride compound semiconductor with 
excellent crystallinity and remarkably suppressed crys- 
tal defects such as threading dislocations and can be 
obtained (sixth feature). In the present invention, "re- 
moving substantially entire downward portions" does 
not exclude the case that a portion of the threading dis- 
locations remains for the sake of simplifying producing. 

Brief Description of the Drawings 

[0027] 

FIGS. 1 A-1H are a series of cross-sectional views 
showing the steps of fabricating a Group III nitride 
compound semiconductor according to a first em- 
bodiment of the present invention. 
FIGS. 2A-2B are a series of cross-sectional views 
showing the process of epitaxial growth In the steps 
of fabricating a Group III nitride compound semicon- 
ductor according to the first embodiment of the 
present invention. 

FIG. 3 is a cross-sectional view showing a modified 
embodiment. 

FIG. 4 is a cross-sectional view showing the struc- 
ture of the Group III nitride compound semiconduc- 
tor light-emitting devtee according to the second 
embodiment of the present invention. 
FIG. 5 is a cross-sectional view showing the struc- 



ture of the Group III nitride compound semiconduc- 
tor light-emitting device according to the third em- 
bodiment of the present invention. 
FIG. 6 is a cross-sectional view showing threading 
5 dislocations propagating in a Group III nitride com- 
pound semiconductor. 

Best Mode for Carrying Out the Invention 

10 [0028] Embodiments of the present invention will next 
be described with reference to the drawings. Character- 
istic features of the present invention have been de- 
scribed above are also the best mode for carrying out 
the invention, and the present invention is not limited to 

15 the below-described specific embodiments. 

[0029] FIGS. 1A-1H schematically show a mode for 
canning out a method for fabricating a Group III nitride 
compound semiconductor of the present invention. A 
buffer Iayer2 and a first Group III nitride compound sem- 

20 teonductor layer 31 are fonned on a substrate 1 , and a 
first mask material 41 is fonned on the entire surface 
(FIG. 1 A). The first mask 41 is fonned to be an island- 
like structure having a shape of, for example, dot, stripe, 
or grid, to thereby be a first mask 41 m. At this time, the 

25 first Group III nitride compound semiconductor layer 31 
is exposed in scattered manner (FIG. IB). A growth 
space ensuring material 5 is fonned so as to cover the 
first mask 41m formed in island-like structure and the 
exposed surface of the Group III nitride compound sem- 

30 iconductor layer 31 distributed in scattered manner 
(FIG. 1C). Then the growth space ensuring material 5 
is shaped through etching in order to obtain a growth 
space to form a Group III nitride compound semicon- 
ductor through epitaxial growth. A portion of the shaped 

35 growth space ensuring material 5s is contacted to the 
Group III nitride compound semiconductor layer 31 
(FIG. ID). 

[0030] A second mask material 42 is fonned on the 
entire surface of the wafer (FIG. 1 E) and shaped in an 

40 objective pattern through a treatment such as etching. 
Almost all of the Group III nitride compound semicon- 
ductor 31 is covered by the first mask 41 m and the sec- 
ond mask 42m when it is seen from the top in the vertical 
direction (FIG. 1 F). The second mask 42m has a "limb" 

^ so that it can be arranged at higher portion than the first 
mask 41 m. And the shaped growth space ensuring ma- 
terial 5s is removed through wet etching. Then a portion 
of the first Group III nitride compound semiconductor 
layer 31 contacted to the shaped growth space ensuring 

50 material 5s is exposed and a growth space which is 
fonned in a crooked shape and is sun-ounded by the first 
mask 41m and the second mask 42m is obtained (FIG. 
1G). Next, a second Group III nitride compound semi- 
conductor layer 32 Is fonned through vertical and lateral 

55 epitaxial growth. First, the Group III nitride compound 
semiconductor layer 32 is fomned through epitaxial 
growth in vertical direction at the surface of the first 
Group Hi nitride compound semiconductor layer 31 on 
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which the first mask 41m is not deposited. Next, the up- 
per surface of the first mask 41 m is covered through epi- 
taxial growth in lateral direction. Tlien epitaxial growth 
in vertical direction is generated so as to penetrate the 
portion where the second mask 42m is not formed. The 
entire top surface of the second mask 42m is covered 
by the second Group III nitride compound semiconduc- 
tor layer 32 through epitaxial growth in lateral direction 
generated at the upper portion higher than the second 
mask 42m. 

[0031] The present invention can be carried out with 
reference to the following description. 
[0032] When Group III nitride compound semiconduc- 
tor layers are successively fomned on a substrate, the 
substrate may be formed of an inorganic cr ystal corp - 
pound such as sapphire, silicon ls\). silicon carb ide 
\ (SiC), spinel (1 gigAl2Q4). NdGaOg. LiGaO^, ZnO^ or 
J MgO; a Group iTl-V comp6Uhd semiconductor such as 
( gallium phosphide or gallium arsenide; or a Group III ni- 
^tride compound semiconductor such as gallium nitride 
(GaN). 

[0033] A preferred process for fonrting a Group III ni- 
tride compound semiconductor layer is metal-organic 
chemical vapor deposition ^ MOCVD) or m etal-organic 
vapor phase epitaxy (MOVPE). however, molecular 
beam epitaxy (MBE), halide vapor phase epitaxy (halide 
VPE), liquid phase epitaxy (LPE), or the like may be 
used. Also, individual layers may be formed by different 
growth processes. 

[0034] When a Group III nitride compound semicon- 
ductor layer is to be fomied on, for example, a sapphire 
substrate, in order to impart good crystallinity to the lay- 
er, a buffer layer is preferably formed for the purpose of 
compensating the sapphire substrate for lattice mis- 
match. When a substrate of another material is to be 
used, employment of a buffer layer is also preferred. A 
buffer layer is preferably of a Group III nitride compound 
semiconductor AL Ga^Jn^.^.^N fomned at low tempera- 
ture (05x< 1, 0 < y < 1 ,-0 + y <1 ), more preferably 
of AljjGa^.jjN (0<x< 1).This buffer layer may be a single 
layer or a multi-component layer comprising layers of 
different compositions. A buffer layer may be fomned at 
a low temperature of 380 to 420**C or by MOCVD at a 
temperature of ijipntn 1 iftnTr Alternatively, an AIN 
buffer layer can be formed by a reagfi ve sputteri ng proc- 
ess using a DC magnetron sputtering apparafuS and, as 
materials, high-purity metal aluminum and nitrogen gas. 
SImilariy, a buffer layer represented by the fonnula 
AlxGaylni.x.yN (O^x^ 1, 0^y< 1, 0<x + y< 1, arbitrary 
composition) can be fomned. Furthennore, vapor depo- 
sition, ion plating, laser abrasion, or ECR can be em- 
ployed. When a buffer layer is to be formed by physical 
vapor deposition, physical vapor deposition is per- 
formed preferably at 200 to OOO^C, more preferably 300 
to SOCC, most preferably 350 to 450"C. When physical 
V vapor deposition, such as sputtering, Is employed, the 
\ thickness of a buffer layer is preferably 1 00 to 3,000 A, 
^ more preferably 100 to 400 A, most preferably 100 to 



r 300 A. A multi-component layer may contain, for exam- 
y pie, altemating AlyGa ^.^N (0 < x <1 ) layers and GaN las - 
ers. A ltematively,^T?mtrF^rnponent layer may contain 
alternating layers of the same composition fomned at a 

5 temperature of not higher than 600**C and at a temper- 
ature of not lower than 1 .OOO^C. Of course, these ar- 
rangements may be combined. Also, a multi-component ^ 
layer may contain three or more different types of Group / 
III nitride compound semiconductors AI ^Gayln^ .y.yN (0 \ 

10 <x<1,0<y<1,0<x-i-y<1). Generally a buffer layer I 
is amorphous and an intermediate layer is monocrystal- 
line. Repetitions of unit of a buffer layer and an interme- 
diate layer may be fonmed, and the number of repetitions 
Is not particularly limited. The greater the number of rep- 

is etitions, the greater the improvement in crystallinity. 
[0035] The present invention is substantially applica- 
ble even when the composition of a buffer layer and that 
of a Group III nitride compound semiconductor fomied 
on the buffer layer are such that a portion of Group 111 

^ elements are replaced with boron (B) or thallium (Tl) or 
a portion of nitrogen (N) atoms are replaced with phos- 
phorus (P), arsenic (As), antimony (Sb), or bismuth (Bi). 
Also, the buffer layer and the Group III nitride compound 
semiconductor may be doped with any one of these el- 

25 ements to such an extent as not to appear In the com- 
position thereof. For example, a Group III nitride com- 
pound semiconductor which is represented by ] 
AI^Ga^. (O^x^l) and which does not contain indium / 
(In) and arsenic (As) may be doped with indium (In), I 

30 which is larger in atomic radius than aluminum (AI)'ancL/ 
gallium (Ga), or arsenic (As), which is larger in atomic 
radius than nitrogen (N), to thereby improve crystallinity 
through compensation, by means of compression 
strain, for crystalline expansion strain Induced by drop- 

35 ping off of nitrogen atoms. In this case, since acceptor 
impurities easily occupy the positions of Group ill atoms, 
p-type crystals can be obtained as grown. Through the 
thus-attained improvement of crystallinity combined 
with the features of the present invention, threading dis- 

40 location can be further reduced to approximately 1/1 00 
to 1/1 ,000. In the case of an underlying layer containing 
two or more repetitions of a buffer layer and a Group III 
nitride compound semiconductor layer, the Group III ni- 
tride compound semiconductor layers are further pref- 

45 erably doped with an element having atomic radius 
greater than that of a predominant component element. 
In the case where a light-emitting element is a target 
product, use of a binary or ternary Group III nitride com- 
pound semiconductor is preferred. 

50 [0036] When an n-type Group Ml nitride compound 
semiconductor layer is to be formed, a Group IV or 
Group VI element, such as Si, Ge, Se, Te, or C, can be 
added as an n-type impurity. A Group II or Group IV el- 
ement, such as Zn. Mg, Be, Ca, Sr, or Ba, can be added 

55 as a p-type impurity. The same layer may be doped with 
a plurality of n-type or p-type impurities or doped with 
both n-type and p-type impurities. 
[0037] Lateral epitaxial growth preferably progresses 
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such that the front of lateral epitaxial growth is perpen- 
dicular to a substrate. However, lateral epitaxial growth 
may progress while slant facets with respect to the sub- 
strate are maintained. More preferably, in lateral epitax- 
ial growth progresses, growth fronts are {1 1 -20} planes s 
of a Group III nitride compound semiconductor. 
[0038] When the crystal orientation of a Group III ni- 
tride compound semiconductor layer to be formed on a 
substrate can be predicted, masking In the fonri of 
stripes perpendicular to the a-plane ({11-20} plane) or io 
the m-plane ({1 -1 00} plane) of the Group III nitride com- 
pound semiconductor layer is favorable. The aforemen- 
tioned mask patterns may be island-like or grid-like or 
may assume other forms. The front of lateral epitaxial 
growth may be perpendicular or oblique to the surface f5 
of a substrate. In order for the a-ptane; i.e., the (11-20) 
plane, of a Group III nitride compound semiconductor 
layer to become the front of lateral epitaxial growth, the 
lateral direction of stripes must, for example, be perpen- 
dicular to the m-plane; i.e., the (1-100) plane, of the 20 
Group III nitride compound semiconductor layer. For ex- 
ample, when the surface of a substrate is the a-plane or 
the c-plane of sapphire, the m-plane of sapphire usually 
matches the a-plane of a Group III nitride compound 
semiconductor layer formed on the substrate. Thus, 25 
stripe is perfonned according to the arrangement of the 
planes. In the case of a dot-like, grid-like, or island-like 
etching, planes that define an outline (sidewalls) are 
preferably {11-20} planes. 

[0039] A first and a second masks may be fonmed of 30 
at least one of a single-layer and a multi-layer film 
formed from a polycrystallin e se miconductor suc h as 
polycrystalline s ilicon or a po lvcrvstalline nitride semi- 
conducU )r; an oxide or a nitride, such as s ilicon oxide 
(SiO^), silic on nit ride (SIN J, titanium oxide (iiuj, or zrr- 35 
conium oxide (^rOJ; or a rneTSI of high melting point , 
such as titanium (Ti) or tungsten (W ). although materials 
are restricted owing to a growth space ensuring materi- 
al. When a compound used to fomn the growth space 
ensuring material is silicon oxide (SIO^), the first and the 40 
second mask may preferably be made of other com- 
pounds which cannot be removed In a process for re- 
moving SiOj(. When a compound used to form the 
growth space ensuring material is silicon oxide (SiOx), 
etching using buffered HF can be employed to remove 45 
the compound. So silicon nitride (SINJ not etched by 
buffered H F may preferably be used to form the first and / 
the second mask. The film may be fonmed through any ( 
known method, such as a vapor-growth method (e.g., \ 
deposition, sputtering, or CVD). Besides the above so 
mentioned dielectrics, a ginr|iA-^iomor|| ^otai ^ an alloy , 
a compound such as metal oxide, a mixture, and an alloy 
may be employed as the growth space ensuring mate- 
rial. 

[0040] A semiconductor device, such as an FET or a ss 
light-emitting device, can be fomned on the above-de- 
scribed Group ill nitride compound semiconductor hav- 
ing regions where threading dislocation is suppressed, 



throughout the entire region or mainly on the regions 
where threading dislocation is suppressed. In the case 
of a light-emitting device, a light-emitting layer may use 
a multi-quantum well (MQW) structure, a single-quan- 
tum well (SOW) structure, a homo-structure, a single- 
hetero-structure, or a double-hetero-structure, or may 
be fonned by means of, for example, a pin junction or a 
pn junction. 

[0041] The aforementioned Group ill nitride com- 
pound semiconductor layer in which threading disloca- 
tions are reduced may function as a Group III nitride 
compound semiconductor substrate (region G in FIG. 
1 H) by, for example, removing the portion comprising 
the substrate 1 , the buffer layer 2, the first Group Hi ni- 
tride compound semiconductor layer 31 and the first and 
the second masks 41m and 42m (region R in FIG. 1H). 
A Group III nitride compound semiconductor device may 
be fonned on the resultant semiconductor substrate. 
The substrate may be employed for forming a larger 
Group III nitride compound semiconductor crystal. Re- 
moval of the substrate 1 . the buffer layer 2, the layer 31 , 
and the mask 4 may be carried out through any tech- 
nique, such as mechanochemical polishing. 
[0042] Embodiments of the present invention in which 
light-emitting devices are produced will next be de- 
scribed. The present invention is not limited to the em- 
bodiments described below. The present invention dis- 
closes a method for fabricating a Group III nitride com- 
pound semiconductor applicable to fabrication of any 
device. 

[0043] The Group ill nitride compound semiconductor 
of the present invention was produced through metat- 
organrc vapor phase epitaxy (hereinafter called 
"MOVPE"). The following gasses were employed: am- 
monia (NH3), carrier gas (H2 or N2), trimethylgallium (Ga 
(CH3)3, hereinafter called "TMG"), trimethylaluminum 
{AI(CH3)3, hereinafter called "TMA"), trimethylindium (In 
(01-13)3, hereinafter called 'TMI"). andcyclopentadlenyl- 
magnesium (Mg(C5H5)2, hereinafter called "Cp2Mg"). 

[First Embodiment] 

[0044] In the present embodiment, a buffer layer 2 
and a Group III nitride compound semiconductor layer 
31 as shown in FIGS. 1A-1H are employed. A monoc- 
rystalllne sapphire substrate 1 containing an a-plane as 
a primary crystal plane was cleaned through organic 
cleaning and heat treatment. The temperature of the 
substrate 1 was jowered to 400*^0, and H2 (10 LVmin), 
NM3 (5 lymln), and TMA (20 ^mol/min) were fed for 
about three minutes, to thereby form an AIM buffer layer 
2 (thickness: about 40 nm) on the substrate 1 . Subse- 
quently, the temperature of the sapphire substrate 1 was 
maintained at lOOO^C, and Hg (20 Umin), NH3 (10 U 
min), and TMG (300 ^mol/min) were introduced, to 
thereby fonn a GaN layer 31 (thickness: about 1 |im). 
Subsequently, SiN^ was sputtered on the entire surface 
of the Group III nitride compound semiconductor layer 
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31, to thereby form a first mask material^ having a 
thickness of about lOOnm (FIG. 1A). Then it was pat- 
temed in a stripe pattem each having a width of 5.jim 
at an interval of 5 \im through photolithography (FIG. 
IB). Here the longitudinal direction of stripes is <1^ipo> 
direction of the GaN layer^. Accordingly, a first mask 
41 m made of SiN^ was obtained. 
[0045] Subsequently, SOOnm in thickness of Si02 
growth space ensuring material 5 was fomned on the en- 
tire surface of the wafer by EB method (FIG. 1 C). Then 
the SiOg growth space ensuring material 5 was removed 
at 1p.m width of central portion of each 5jim width of in- 
terval where the first mask material 41 m was not fonned 
by employing photolithography. As a result, the GaN lay- 
er 31 was exposed at l^m in width of central portion of 
each stripe-shaped interval having a width of 5fim where 
the first mask material 41 m was not fomned (FIG. 1 D). 
[0046] Subsequently, SiN^ was formed on the entire 
surface of the wafer through sputtering, and lOOnm In 
thickness of second mask material 42 was obtained 
(FIG. 1 E). At this time, a "limb" was fonned and the sec- 
ond mask material 42 was contacted to Ijim in width of 
the exposed GaN layer 31 . Then the mask material 42 
was patterned in a stripe pattern each having a width of 
5 Jim at an interval of 5 jim through photolithography. 
Here the longitudinal direction of stripes was matched 
with <1 -1 00> direction of the GaN layer 31 , and the sec- 
ond mask material 42 was not formed on the upper por- 
tion of the first mask 41m. That is, the growth space en- 
suring material 5s made of Si02 exists but the second 
mask 42m does not exist on the upper portion where the 
first mask 41 m was formed while both the growth space 
ensuring material 5s and the second mask 42m exist on 
the upper portion where the first mask 41 m was not 
formed. On the upper portion of the GaN layer 31 where 
neither the mask 41 m nor the SiOg growth space ensur- 
ing material 5s exists, the second mask 42m was 
formed. Accordingly, the second mask 42m having the 
limb made of SiN^ was obtained (FIG. 1 F). 
[0047] Subsequentl y, etching using buffered HF was 
employed to remove the growth space ensuring material 
5s made of Si02. Accordingly, an "epitaxial growth 
space" surrounded by the first mask 41m and the sec- 
ond mask 42m was obtained on the upper portion of the 
GaN layer 31 . 

[0048] Subsequently, the temperature of the sapphire 
substrate 1 was maintained at 1150"*C, and (20 Ly 
min), NH3 (10 Umin), and TMG (5 ^mol/min) were in- 
troduced, to thereby grow a GaN layer 32 through ver- 
tical and lateral epitaxial growth. Accordingly, the epi- 
taxial growth space fomned on the upper portion of the 
GaN layer 31 and surrounded by the first mask 41m and 
the second mask 42m was filled and a region G of the 
GaN layer 32 with remarkably little threading disloca- 
tions was obtained over the second mask 42m. 
[0049] FIGS. 2A-2B Illustrate the process shown from 
FIG. 1G to FIG. 1H. The GaN layer 32 grew in vertical 
direction from the portion where neither the first mask 



41m nor the second mask 42m was fonmed. When the 
GaN layer 32 grows to have thickness larger than that 
of the first mask 41 m, the GaN layer 32 starts to grown 
in lateral direction to cover the first mask 41 m (a portion 

5 represented by A in FIG. 2A). 

[0050] Then, because the second mask 42m is not 
fomned on the upper portion of the first mask 41m, the 
GaN layer starts to grow in vertical direction. On the con- 
trary, because the second mask 42m is formed like 

10 eaves on the upper portion of the GaN layer 31 on which 
the first mask 41 m is not formed, growth of the GaN layer 
32 stops there. Threading dislocations propagated 
along with growth of the GaN layer 32 in vertical direc- 
tion also stop there because they never propagates in 

IS lateral direction. 

[0051 ] The GaN layer 32 grows in vertical direction on 
the upper portion of the first mask 41m such that the 
GaN layer 32 penetrates the region where the second 
mask 42m is not fonmed. When height of the GaN layer 

^ 32 becomes larger than that of the second mask 42m, 
it begins to grown in lateral direction and covers the up- 
per surface of the second mask 42m (a region repre- 
sented by 8 in FIG. 2B). Even when some of threading 
dislocations reach the upper portion of the first mask 

25 41 m, the second lateral growth of the GaN layer 32 may 
further reduce the density of the threading dislocations. 
[0052] Accordingly, the GaN layer 32 covers the entire 
surface of the second mask 42m through Its vertical and 
lateral growth, and further grows in vertical direction. As 

30 a result, threading dislocations of the GaN layer 32 
fonned at the upper portion of the second mask 42m 
may be remarkably reduced. 

[Modified Embodiment] 

35 

[0053] In the above embodiment, the first mask 41 m 
and the second mask 42m are formed so as not to over- 
lap with each other when the wafer is seen in the vertical 
direction from its top. Altematively, an overiapped region 

40 represented by O as shown in FIG. 3, that is, the first 
mask 41m exists in the lower portion of the overiapped 
region and the second mask 42m exists in the upper 
portion thereof, can be fomned. In the above embodi- 
ment, the limb of the second mask 42 was formed on 

45 the GaN layer 31 in stripe shape each having a width of 
1p.m. Alternatively, a limb may be fomned on the first 
mask 41m, and altematively, the limb in a pillar shape 
may be formed on both the GaN layer 32 and the first 
mask 41m. Such limbs all depend on the design of the 

so growth space of the GaN layer 32, and the second mask 
42m may have a limb formed in an arbitrary shape ac- 
cording to the design of the growth space of the GaN 
layer 32. 

55 [Second Embodiment] 

[0054] On a wafer fonned in a manner similar to that 
of the first embodiment, a laser diode (LD) 1 100 shown 
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in FIG. 4 was formed in the following manner. Notably, 
in fonnation of the GaN layer 32, silane (SiH4) was in- 
troduced so as to form a silicon (Sl)-doped n-type GaN 
layer serving as the GaN layer 32. For the sake of sim- 
plified illustration, the drawing merely illustrates a wafer 
1000 (a region R in FIG. 1H) inclusively represent the 
sapphire substrate 1 , the buffer layer 2, the GaN layer 
31 and a portion of the GaN layer 32 whfch exists at the 
same level as the masks 41 m and 42m. and GaN layer 
103 (a region G in FIG. 1 H) inclusively represent the oth- 
er portion of the GaN layer 32. 
[0055] A wafer 1 000 which includes a sapphire sub- 
strate 1 , an AIN buffer layer 2, the GaN layer 31 , and a 
portion of the GaN layer 32 which exists at the same 
level as the masks 41m and 42m and the n-GaN layer 
103 are fonned. Successively, on the n-GaN layer 103, 
a silicon (Si)-doped P^\o.ofi^o.9^ n-cladding layer 104, 
a silicon (Si)-doped GaN n-guide layer 105, an MQW- 
structured light-emitting layer 1 06, a magnesium (Mg)- 
doped GaN p-guide layer 107. a magnesium (Mg)- 
doped AlQ 08Gao.92N p-cladding layer 108, and a mag- 
nesium (Mg) -doped GaN p-contact layer 109 were 
formed. Subsequently, an electrode 11 OA of gold (Au) 
was formed on the p-contact layer 1 09. Etching was par- 
tially perfomned until the n-type GaN layer 103 was ex- 
posed. On the exposed GaN layer 103, an electrode 
1 1 0B of aluminum (Al) was fonned. The thus-formed la- 
ser diode (LD) 100 exhibited significant improvement of 
service life and light-emitting efficiency. 

[Third Embodiment] 

[0056] On a wafer formed in a manner similar to that 
of the second embodiment, a light-emitting diode (LED) 
200 shown in FIG. 5 was formed in the following manner. 
For the sake of simplified illustration, the drawing merely 
illustrates a wafer 2000 (a region R In FIG. 1H) to inclu- 
sively represent the sapphire substrate 1 . the buffer lay- 
er 2, the GaN layer 3 1 and a portion of the GaN 32 which 
exists at the same level as the masks 41 m and 42m, 
and a GaN layer 203 (a region G in FIG. 1H) to inclu- 
sively represent the other portion of the GaN layer 32. 
[0057] A wafer 2000 which includes a sapphire sub- 
strate 1 , an AIN buffer layer 2, the GaN layer 31 and a 
portion of the GaN layer 32 which exists at the same 
level as the masks 41m and 42m, and the n-GaN layer 
203 are formed. Successively, on the n-GaN layer 203, 
a silicon (Si)-doped Al^ ogGao ggN n-cladding layer 204, 
a light-emitting layer 205, a magnesium (Mg)-doped 
Alo.os^^.gaN p-cladding layer 206, and a magnesium 
(Mg)-dopedGaN p-contact layer 207 were fomned. Sub- 
sequently, an electrode 208A of gold (Au) was fonned 
on the p-contact layer 207. Etching was partially per- 
formed until the n-type GaN layer 203 was exposed. On 
the exposed GaN layer 203, an electrode 208B of alu- 
minum (Al) was formed. The thus-fomned light-emitting 
diode (LED) 200 exhibited significant improvement of 
service life and light-emitting efficiency. 



[0058] While the present invention has been de- 
scribed with reference to the above embodiments as the 
most practteal and optimum ones, the present invention 
is not limited thereto, but may be modified as appropri- 
5 ate without departing from the spirit of the invention. 
[0059] A GaN layer 32 grows in vertrcal direction on 
a GaN layer 31 where neither a first mask 41m nor a 
second mask 42m is formed. When thickness of the 
GaN layer 32 becomes larger than that of the first mask 
41m, it began to grown in lateral direction so as to cover 
the first mask 41m. Because the second mask 42m is 
not fomned on the upper portion of the first mask 41m, 
the GaN layer 32 grows in vertical direction. On the con- 
trary, at the upper region of the GaN layer 31 where the 
mask 41m is not formed, the second mask 42m is 
formed like eaves, the growth of the GaN layer 32 stops 
and threading dislocations propagated with vertical 
growth also stops there. The GaN layer 32 grows in ver- 
tical direction so as to penetrate the region where nei- 
ther the first mask 41m nor the second mask 42m is 
fonned. When the height of the GaN layer 32 becomes 
larger than that of the second mask 42m, the GaN layer 
32 begins to grow in lateral direction again and covers 
the second mask 42m. After the GaN layer 32 complete- 
ly covers the second mask 42m, It began to grow in ver- 
tical direction. 
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Claims 

30 

1. A method for fabrrcating a Group lit nitride com- 
pound semiconductor which forms a Group III ni- 
tride compound semiconductor layer with sup- 
pressed threading dislocations through lateral epi- 
35 taxial growth, comprising steps of: 

a first mask forming process in whrch a first 
mask, on which said Group III nitride compound 
semiconductor does not grow epitaxially, is 

^ fonned in an island-like pattern having a shape 

of, for example, dot, stripe, or grid, on a layer 
whteh serves as an underlying layer, 
a growth space ensuring process in which a 
growth space ensuring material is formed in or- 

45 der to ensure a growth space for growing said 

Group 111 nitride compound semiconductor epi- 
taxially; 

a process of forming a second mask on which 
said Group 111 nitride compound semiconductor 
50 does not grow epitaxially; 

a process of removing the growth space ensur- 
ing material fonmed In the growth space ensur- 
ing process; and 

an epitaxial growing process in which said 
55 Group HI nitride compound semiconductor is 

formed in said growth space through vertical 
and lateral epitaxial growth, 
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wherein said masks are formed so that the en- 
tire surface of said underlying layer is covered by 
said first mask and said second mask when said 
underlying layer is seen in a vertical direction from 
its top. 5 

2. A method for fabricating a Group III nitride com- 
pound semiconductor according to claim 1 , In which 
said second mask forming process comprises the 
steps of: 10 

a process in which a portion of said growth 
space ensuring material fonned in said growth 
space ensuring process is removed and at least 
one of a portion of said first mask and a portion is 
of said underlying layer Is exposed; 
a process in which materials for forming said 
second mask Is fomied on the entire surface of 
said growth space ensuring material so that 
said second mask is connected to at least one 20 
of an exposed surface of the first mask and an 
exposed surface of said underlying layer; and 
a process in which a portion of said second 
mask material is removed and a portion of said 
growth space ensuring material, which Is 25 
fomned in said growth space existing at a region 
comprising said first mask at a lower portion 
thereof, is exposed. 

3. A method for fabricating a Group III nitride com- 30 
pound semiconductor according to claim 1 or 2, 
wherein said uppemnost layer in said underlying lay- 
er and said Group III nitride compound semiconduc- 
tor have the same composition. 

35 

4. A Group 111 nitride compound semiconductor de- 
vice, which Is formed on said a Group III nitride com- 
pound semtoonductor layer produced through a 
method for fabricating a Group III nitride compound 
semiconductor as recited in connection with any 40 
one of claims 1 to 3. 

5. A Group III nitride compound semiconductor light- 
emitting device, which Is produced by depositing a 
Group III nitride compound semiconductor layer ^ 
with a different composition on said Group III nitride 
compound semiconductor layer produced through 

a method for fabricating a Group III nitride com- 
pound semiconductor as recited in connection with 
any one of claims 1 to 3. so 

6. A method for fabricating a Group III nitride com- 
pound semiconductor substrate, which comprises 
a method for fabricating a Group III nitride com- 
pound semiconductor as recited in connection with ss 
any one of claims 1 to 3, and removing substantially 
entire downward portions from the second mask. 
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